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ABSTRACT : Pollen morphology of Mesembryanthemum criniflorum L i. in the plants treated or 
not treated with gamma irradiation of 5. 10. 20. 30, 40 and 50 Krad dosages have been studied 
using LM and SEM. Pollen grains in the control plants are basically 3(-4)-colpate-colporoidate. 
Besides, parasyncolpate grains occur as a variation. The pollen size is variable having a wide range 
(PxE: 17 - 37 x 14-35 //m). The pollen sculpture is spinulose-pimctate. In die irradiated plants, 
the pollen size ranse drasticallv narrowed down. While the pollen grains of the plants treated with 
5. 20, 30, 40 and 50 Krad dosages had the same pollen morphology as in the controls, the plants 
treated with 10 Krad dosage showed a complete change in the exine ornamentation exhibiting 
'Microverrucate 1 2 3 pattern as against the spinulose pattern, characteristic of the species. Since the 
apertural character did not deviate from the basic 3-colpate-colporoidate condition, it has been 
contended thaL the cxine surface pattern and the apertural features may be considered as separate 
characters controlled by different genes, and that the change in the exinc pattern may be attributed 
to the mutation of the gene/genes controlling the pattern, 
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INTRODUCTION 

The process of irradiation has been widely used in floriculture tor producing new 
commercial varieties of plants by inducing changes in plant features of ornamental value. 
The effect of irradiation has also been reported to alter pollen germination, tube growth, and 
zygote formation (Pfahler, 1971, 1973), Calzoni and Speranza (1982) observed that the 
Gamma irradiation at low dosage reduced the in vitro pollen germination as compared to the 
high dosage in apple. Haque and Godward (1983) reported the effect of gamma irradiation 
on the exine features of pollen in Lactuca and Cichorium. The present communication is 
related to the observations on the effect of gamma irradiation on pollen features in 
Mesembryanthemum (Aizoaceae), a garden ornamental. In India the species under 
cultivation for its ornamental flower is M. criniflorum L.f (syn. Dorotheanthus 
bellidiformis (Bunn, f.) N. E. Br.) ? having usually pink and occasionally white and yellow 
flowers (Randhawa and Mukhopadhyaya, 1986). 
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MATERIALS AND METHODS 

Seedlings of Mesembryanthemum were raised in the experimental plot of the Mutation 
Breeding Laboratory, of the National Botanical Research Institute, Lucknow. When the 
plants attained a height of approximately 13 cm. 10—15 plants were subjected to the gamma 
irradiation ( 60 Co-radiation source) with 5, 10, 20, 30, 40 and 50 Krad dosages (at the dose 
rate ol ol sec/Krad, calculated from standard decay chart of ^Co) from a gamma chamber- 
900 model, and were allowed to grow to flower, along with the unirradiated control plants. 
For making pollen preparations, mature flower buds were plucked randomly from several 
plants in each case and kept in 70% alcohol. Pollen preparations of both unacetolysed and 
acetolysed grains were made. For unaceto lysed preparations pollen grains were stained with 
saframn and mounted in glycerine jelly. Acetolysed pollen preparations were made 
according to the acetolysis method of Erdtman (1952), Pollen morphological observations 
on size, shape, apocolpium diameter and exine thickness under light microscope (LM) were 
based on 20 acetolysed grains, and for enumerating sliriveiled, sterile grains, unacetolvsed 
pollen grains formed the basis. 

For scanning electron microscopy, acetolysed pollen grains were transferred to absolute 
alcohol, mounted on stubs, coated with gold, and photographed at 10 Kv in Philips XL 20 
scanning electron microscope (SEM) having 40 A resolution power. Photomicrographs of 
single grains were taken at x 2000 magnification and for resolving details of exine surface 
ornamentation, a uniform magnification of x 5000 was maintained. Photomicrographs of a 
group of pollen grains and dyad were taken at x 1600 magnification. In each sample, the 
whole field of the stub was examined for details of surface ornamentation and apertural 
features of pollen grains under SEM and relevant photographs, depicting variation. w r ere 
taken. 


RESULTS 

Observations on the details of pollen morphology in the control and the irradiated plants 
ol Mesembryanthemum criniflorum are presented in Table 1. Pollen grains in the control 
plants are j(- 4)-zonocolpate, colporoidate (Figs. 1, 2). Parasyncolpate grains were also 
found having a large operculum on the polar region (Fig. 3). Pollen size is P x E: 17 -37 x 
Individual grains vary in shape, being prolate spheroidal, subprolate. and prolate. 
Colpi are narrow and with crustate colpus membrane. Diameter of apocolpium is variable, 
being 7 -10/rm. Exine is 1 urn thick at the mesocolpium, being thicker at polar region. 
Exine surface is finely spinulose in LM, appearing to be granulose. In SEM, it is 
prominently spinulose and the interspinular region is smooth (Fig. 4) or punctate (Fig. 5). 

Pollen grains of the irradiated plants, except those irradiated with 10 Krad dosage, show 
the same apertural features and have similar exine sculpture as in the control plants. The 
pollen grains of 10 Krad treatment show a drastic change in their exine ornamentation as 
observed in SEM (Figs. 6, 8). The exine surface in these grains has LO-pattem in LM, 
which resolved under SEM as closely packed "Microverrucate" (Fig. 8). There are no 
puncta in the exine. A few dyads with similar pattern of exine also occur among the monads 
(Fig. 7). The basic apertural character in these grains remains the same as in the controls, 
being 3-colpate (colporoidate). 
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Table 1. Pollen morphology in the control and the gamma irradiated plants of Mesembryanthemum 
criniflorum. 


Plants 

Pollen types 

Pollen size range (/an) 

PX E 

Shape classes.based on 
individual grain size 

Control 

3(-4)- zonocolpate, 25,80 = 6.S12 X 

colporoidate 23.10 ± 7.109 

(parasyncolpate) (17-37x14 - 3 5) 

Prolate spheroidal, 
Subprolate, Prolate 

Irradiated (Dosages) 

5 Krad -do- 

26.70 ± 1.767 X 

23.20± 2.150 
(24-29x21-28) 

Oblate spheroidal, 
Subprolate 

10 Krad 

-do- 

25.20 ± 3.553 X 

20.90 ± 2.234 
(19 — 30 x 17-24) 

Prolate spheroidal, 
Subprolate, Prolate 

20 Krad 

-do- 

23.70 ± 1.059 X 

20.9 ± 0.876 
(22-25x20-22) 

Prolate spheroidal, 
Subprolate 

30 Krad 

-do- 

22.30 ±2.214 X 

17.80 ±0.919 
(18 - 25 x 16-19) 

Subprolate, Prolate 

40 Krad 

-do- 

21.75 ± 2.864 X 

18.917 ± 1.975 
(19 — 28 x 16 - 23) 

Subprolate 

50 Krad 

-do- 

21.40 ±2.591 X 

17.70 ± 0.949 
(18-27 x 16- 19) 

Subprolate, Prolate 

Table L 

continued. 



Plants 

Diameter of 

Exine 

Pollen sterility 


apocolpinm (/an) 

Thickness Ornamentation 

(/Jin) 

<%) 

Control 7, 10 

Irradiated (Dosages) 

5 Krad ^ 10,12 

1.0 at mesoeolpium, Spinulose-punctate 76.00 

thicker at polar 

region 

-do- -do- 49.00 

10 Krad 

7 

-do- " Microvemicate 11 47.60 

20 Krad 

12, 15 

-do- Spinulose-punctate 91.70 

30 Krad 

9, 10 

-do- -do- 

4.76 

40 Krad 

9,11 

’do- -do- 

73.00 

50 Krad 

9,11 

-do- -do- 

9.00 
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Hgs. 1-8. Pollen grains ol Mesembryaiuhemum criniflorum (SEM photomicrographs). Figs. 1-5: Pollen trains 
of control plants. 1: Polar view of a 3-colporoidate grain; 2: Equatorial view of a 3-colpate grain; 3: A 
parasyncolpate grain; 4: An enlarged photo of a portion of pollen grain showing the spinulose exine surface; 5: 
An enlarged photo of a portion of pollen grain showing the spinulose-punctate exine surface. Figs. 6-8: Pollen 
grains of plants irradiated with 10 Krad dosage. 6: A group of " Microverrucate u pollen grains; 7: A dyad 
shou ing Microverrucate exine surface; 8: An enlarged photo of a portion of pollen grain showing the exine 
surface exhibiting ,T Microverrucate " pattern. Scale bars — 5 m n 
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DISCUSSION 

The heterozygosity due to hybridity is well reflected in garden Mesembryanthemum. Its 
pollen morphological characters exhibit a wide range of pollen size, several shape classes 
and apertural features and a high pollen sterility, as observed in control plants. A thoroughly 
screening of all the controls shows that the exine pattern of the pollen is consistently 
spinulose. Erdtman (1952) also reported spinulose exine surface in the genera of 
Mesembryanthemum group. It may be contended that the shift in the exine surface pattern 
from spinulose to "Microverrucate" in 10 Krad treatment is perhaps due to the mutation of 
the controlling gene/genes of the exine ornamentation, resulting in deviation from the 
normal morphogenetic pattern, as also understood by the occurrence of dyads exhibiting 
similar exine pattern. The grains in these plants have the same basic apertural feature as in 
the control and therefore, the exine pattern and the aperture may be considered as separate 
parts like other parts of a plant controlled by different genes, or sets of genes. Haque and 
Godward (1983) speculated that even various features of exine pattern are controlled by 
different genes. Their contention w as based on variation observed in the characters of ridges 
and spinules of pollen in the irradiated plants of Lactuca and Cichorium. Earlier, in the 
case of a hybrid between two species of Chorisia. the pollen grains exhibited apertural 
features of male parent and the exine pattern of the female parent (Chaturvedi et a !., 1993) 
substantiating the concept of two controlling genes or sets of genes for these two pollen 
characters. 

In the control plants, the size range of pollen grains is wide, being 17 -37 x 14-35 /an. 
On the other hand, the size range is significantly narrow in the pollen of irradiated plants 
(Table 1). As observed in the unacetolysed grains, a large number of empty (devoid of 
protoplast), shrivelled grains occur in the case of control plants depicting a high pollen 
sterility" (76%) a feature quite common in ornamentals. However, in the irradiated plants, 
the percentage of sterile grains has decreased in the treatments of 5 Krad (49%) and 10 
Krad (47.6%). again increased in 20 Krad (91.7%) and 40 Krad (73%). and drastically 
decreased in 30 Krad (4.76%) and 50 Krad (9%) dosages. The variability in sterility" is 
obviously erratic. However, a narrow size range of pollen in irradiated plants indicating 
comparative stability, and the spectacular increase in the percentage of fertile pollen grains 
as observed in plants treated with 30 Krad and 50 Krad dosages, are some of the characters 
in the present case which may be used to advantage in experiments of breeding. Mukhetjee 
and Khoshoo (1970) reported that in gamma irradiated Canna varieties, the pollen fertility' 
decreased even at low' dosages of 1 Krad and 2 Krad. and that 3 Krad dosage proved to be 
lethal. Calzoni and Speranza (1982) observed that in apple, a low' dosage of gamma 
irradiation reduced in vitro pollen germination more than that of the high dosage. The 
responses to irradiation with regard to pollen sterility/fertility appear to be plant specific and 
may" be the outcome of the mode of chance mutation in different plants. 
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